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The use of the fixed carbon-volatile matter (FC-VM) graph for quick calculations of proximate analysis dat; , 
as well as for simple presentation of coal classification is illustrated. From the position of the VM and FC 
values of a coal on the graph (on an ‘as received’ basis) it is possible to determine the approximate rank and 
class of the coal. 
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According to IS0 standards coal analyses 
should be carried out on an air-dried 
sample. For different technical appli- 
cations, it may be necessary to express 
these results on a different basis, e.g. air 
dried, as received, dry, dry, ash free and 
dry, mineral matter free. There are 
formulae determined by IS0 standards’ 
for calculating analysis data for a given 
coal to a different basis. For a rapid 
determination of the proximate analysis 
data, fixed carbon-volatile matter (FC- 
VM) graphs and the VM/FC ratio, as a 
constant value of analysed samples, can 
be used. 
The relations between the proximate 
analysis data calculated to various bases 
are as follows: 
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Dividing Equation (1) by (2) the following 
equation is obtained: 
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Hence the ratio, k, is independent of the 
basis of calculation and is represented by 
the slope of line a in the FC-VM graph 
(Figure I). This value can be used as a 
measure of coal reactivity2*3. 
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Figure 1 FC-VM graph. Point A, known values of VM and FC (air dried); points B, B’, B”, 
estimated values of VM and FC subsequently related to daf, d and ar bases 
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Figure 2 An example of the use of the FC-VM graph 
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Figure 3 Determination ofthe possible field for one type ofcoal on the FC-VM graph, using the 
limits of proximate analysis data: k,i,, k,,,, B, =(A + Mhi,, B, =(A + Mh,,, 
The values of FC and VM on the air 
dried basis determine point A and the 
value of k (Figure I ). In the case of daf coal 
matter, point B, at the intersection of lines 
VM=kxFC(a)andA+M=O(b),gives 
the percentage of FC and VM in the daf 
coal. Similarly, values of FC and VM on 
any basis may be derived from the inter- 
action of line a with a b line correspond- 
ing to a particular level of A + M, e.g. 
point B’ and B”. Figure 2 shows as an 
example the derivation of FC and VM on 
a daf basis for a coal with k= 1.36, and 
compares these values with those cal- 
culated using Equations (1) and (2); the 
small difference (0.05%) allows the graph 
to be used for rapid calculations to 
various bases. The same principle can be 
used for calculating ultimate analysis 
data or gross calorific value, but with 
lower accuracy. 
Coal is not a homogeneous substance. 
Mineral matter content and composition, 
for example, can change from seam to 
seam in the same coalfield and even in the 
same pit. The mineral matter in the coal is 
present during utilization processes 
unless it can be partially removed by 
cleaning. Composition can also vary with 
particle size, as a consequence of the mode 
of preparation. Therefore the com- 
position of a particular coal type, defined 
by proximate and/or ultimate analysis 
data, is related to (1) composition data 
(within certain limits) or (2) average 
composition. 
The known limits ofproximate analysis 
data for one type of coal (on an as received 
basis) determine the field for that type of 
coal (Figure 3): 
k,,,, &in, B, =(A+M),,,,,, 
B, = (A + ML, 
However, if the composition of coal is 
defined with average data (&,, = kin = k 
and B, = B, = B), a particualr type of coal 
will be presented on the FC-VM graph 
by only one point (i.e. the intersection of 
line VM = k x FC and equiballast line B). 
Since values for VM or FC for any state 
of a particular coal lie on the same line 
(VM = k x FC), it is easy to include the 
analyses for many coals in the same 
graph. Data available from literature4s5 
for 12.5 coals of different rank on an as 
received basis are presented in Figure 4. 
References to the ballast for hard coals 
are related to cleaned coals. All references 
are related to average data. The limit 
values of VM/FC for different coals are 
also introduced according to the ECE 
classification of hard coals6. Subclasses or 
groups are not introduced into the graph 
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Table 1 k values for different coal classes 
I, = VM/FC 
Coal Class kin hlax 
Hard coals 0 0 0.03 
1 0.03 0.11 
2 0.11 0.16 
3 0.16 0.25 
4 0.25 0.39 
5 0.39 0.49 
69 0.49 1 
Brown coals 
and lignites 0.67 1.5 
because they are determined by caking 
and coking properties. A good presen- 
tation of coal calssihcation is obtained, 
with the fields in the graph corresponding 
to coals of a certain rank being well 
defined. Values of k for the different 
classes are given in Table 1. A typical field 
for brown coal lies within the k value 
range 0.67-1.50 (VM,, values 40 to 60%) 
where lignites have A + M (ballast) values 
ranging from 40 to 70”/, and with class 
numbers according to the IS0 classifi- 
cation of brown coals and lignites7, from 
3 to 6 (corresponding total moisture 
content of run-of-mine coals on the ash 
free basis is from 30 to 70%). There are 
also some lignites with extreme ballast 
values of 70 to 80% (from Greece and 
Yugoslavia). Older brown coals in the 
same field of k values have a ballast 
contents from 15 to 30”/, and class 
numbers of 1 and 2. There are some 
brown coals with very low volatile matter 
content (< 20% daf), but they are strictly 
divided from hard coals with the same 
VM values by the A + M content (> 35%). 
All hard coals in the classes O-9, accord- 
ing to the ECE classification, and with k 
FC (%) 
Figure 4 Classification ofcoal on the FC-VM graph according to International Classification of 
hard coals by type (E/ECE/247) and according to classification by types of brown coals and 
lignites (IS0 2950 - 1974). 
According to ECE: 0, class No. 1; A, class No. 2; V, class No. 3; A, class No. 4; v, class No. 5; 
0, class No. 69 
According to ISO: 01, class No. 1; 02, class No. 2; 03, class No. 3; 04, class No. 4: 05, class 
No. 5; 06, class No. 6 
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values from 0 to 1.00 (VM content &SPA, 
daf) are placed in the field with A+ M 
values < 20% (anthracites from 3 to 15%, 
other coals from 5 to 2q/,). It is also 
possible to extend the use of the graph to 
fuels other than coals and lignites, e.g. 
average k values for peat and wood are 
2.17 and 4.0, respectively. 
CONCLUSION 
FC-VM graphs are very suitable for 
rapid calculations of proximate analysis 
data. If the graph is large enough (i.e. A4 
format or bigger), the error of calculation 
of analysis data to bases other than air 
dried, using the graph instead of the 
formulae, is low enough for normal 
engineering practice. 
The FC-VM graph also allows presen- 
tation of coal classification. If the fields 
determined by k,,,, kmin and total ballast 
values for all classes of coal are already 
placed on the graph, the position of the 
VM and FC values for a particular coal 
on any basis will determine the class of 
this coal. 
Additionally, a computer programme 
could be written to provide the infor- 
mation obtained from this paper with 
speed and more certainty. 
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NOMENCLATURE 
VM volatile matter 
FC fixed carbon 
A ash 
M moisture 
d dry 
ad air dried 
ar as received 
daf dry, ash free 
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To study structural features of sulphur compounds in petroleum fractions, 33S spectra of selected sulphones 
were recorded and the range of chemical shifts as a function of their structure was determined. The first 33S 
spectra of preoxidized low boiling oil distillates are also reported. 
(Keywords: petroleum; petroleum oils; ‘?S n.m.r.) 
Sulphur compounds are a serious 
problem in oil refining and desulphuri- 
zation processes can give unsatisfactory 
results depending on the crude oil treated. 
Therefore, information, concerning the 
structural characterization of sulphur 
compounds is of interest for the further 
treatment and applications of oils. 
33S n.m.r. is potentially an adequate 
method for qualitative and quantitative 
determination of mixtures of organo- 
sulphur compounds. It is reported’ that 
sulphur is present in oil essentially as 
sulphides. Unfortunately sulphides can 
not be used for such a study because the 
broadened line widths2v3 prevent any 
structural information being obtained. 
Previous papers4g5 have shown that 
sulphones provide an interesting class of 
molecules for 33S analysis in petroleum 
chemistry, taking into account the signifi- 
cant variations in the 33S chemical shift 
range and the quantitative and compara- 
tively straightforward oxidation of 
sulphides into sulphones. 
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In this report chemical shifts of new 
selected sulphones are given which com- 
plement previous work4 and literature 
data5p6. 
EXPERIMENTAL 
The 33S n.m.r. spectra were obtained 
using a Bruker AM200 SY operating at 
15.356 MHz. To suppress rolling base- 
lines caused by pulse breakthrough and/ 
or spurious ringing problems, a pulse 
sequence combining spin echo’ and ‘3 
pulse”’ methods were used”. 
Sulphones were studied at 20°C in 
DMSO-d6 or CDCl, solutions, whereas 
oxidized petroleum fractions were 
analysed at the same temperature but in 
C,D, solutions. In the case of petroleum 
derivatives an acceptable signal-to-noise 
ratio was obtained after %2X 106 
transients. The chemical shifts were 
measured with respect to the j3S signal of 
the sulphate ion12. The use of the sulphate 
ion as a reference has been suggested by 
Lutz et ~1.‘~ because its shift is 
independent of concentration and 
counter ions. 
Sulphones were either obtained com- 
mercially or synthesized according to 
described methods, and their structure 
verified by ’ 3C n.m.r. spectroscopy. 
RESULTS AND DISCUSSION 
Chemical shifts of sulphones 
The 33S chemical shifts of selected 
sulphones and corresponding line widths 
are presented in Table I. The first line of 
demarcation in chemical shifts occurs 
between five-membered cyclic sulphones 
(compounds 1 to 7) and benzothiophene 
sulphone (8, 6= 17 ppm). The 33S 
chemical shifts of aliphatic sulphones are 
contained between 10 and 1 ppm. Un- 
fortunately dibenzothiophene, 13, falls in 
this last range and could not be dif- 
ferentiated from other aliphatic sul- 
phones. Finally sulphones with aryl and 
vinyl groups possess shifts between - 18 
and -26 ppm. 
